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ABSTRACT 
OBJECTIVE: To assess inter-rater reliability, test-retest reliability, and 
construct validity of retail food store, open-air food market, and restaurant 
observation tools adapted to the Brazilian urban context. 
METHODS: This study is part of a cross-sectional observation survey 
conducted in 13 districts across the city of Sao Paulo, Brazil in 2010-2011. 
Food store and restaurant observational tools were developed based on 
previously available tools, and then tested it. They included measures on the 
availability, variety, quality, pricing, and promotion of fruits and vegetables 
and ultra-processed foods. We used Kappa statistics and intra-class correlation 
coefficients to assess inter-rater and test-retest reliabilities in samples of 142 
restaurants, 97 retail food stores (including open-air food markets), and of 
62 restaurants and 45 retail food stores (including open-air food markets), 
respectively. Construct validity as the tool’s abilities to discriminate based on 
store types and different income contexts were assessed in the entire sample: 
305 retail food stores, 8 fruits and vegetable markets, and 472 restaurants. 
RESULTS: Inter-rater and test-retest reliability were generally high, with most 
Kappa values greater than 0.70 (range 0.49-1.00). Both tools discriminated 
between store types and neighborhoods with different median income. Fruits 
and vegetables were more likely to be found in middle to higher-income 
neighborhoods, while soda, fruit-flavored drink mixes, cookies, and chips 
were cheaper and more likely to be found in lower-income neighborhoods.
CONCLUSIONS: The measures were reliable and able to reveal significant 
differences across store types and different contexts. Although some items 
may require revision, results suggest that the tools may be used to reliably 
measure the food stores and restaurant food environment in urban settings 
of middle-income countries. Such studies can help .inform health promotion 
interventions and policies in these contexts. 
DESCRIPTORS: Food. Environment. Socioeconomic Factors. 
Restaurants. Validation Studies. 
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A growing body of research suggests that greater avail-
ability of healthier foods are more likely to be found 
in higher-income neighborhoods,2 while unhealthy 
foods – such as soda, potato chips, fast food – are widely 
found in lower-income neighborhood and are, in turn, 
associated with food consumption12,24 and obesity.4 
However, most of the available evidence comes from 
high-income countries, and it is unclear whether such 
associations hold in lower and middle-income coun-
tries. Recent South American studies have shown a 
greater concentration of grocery stores and fruit and 
vegetable street markets in higher income neighbor-
hoods,13,19 and a greater availability of ultra-processed 
foods in lower-income neighborhoods.22
Studies exploring the food environment have used many 
methods to measure food access, such as the density 
and the location of stores, proximity to the nearest food 
store, as well as micro-level or consumer food envi-
ronment measures, which include in-store measures of 
healthy and unhealthy food availability, variety, pricing, 
quality, promotion, and placement.14 Previously devel-
oped tools to measure the micro-level food environment 
have had their reliability tested.6,15,18,27-29 Noteworthy, 
most of them come from the United States.15,18,27-29 
In-store measures in grocery stores have only more 
recently been studied in Latin American cities,13,22 
though reliable in-stores measures for restaurants are 
yet to be reported for low and middle-income settings. 
Most of these instruments include measures of food 
availability and pricing,15,18,27-29 however fewer instru-
ments addressed aspects of in-store marketing.6,27,28
To answer a range of questions about the micro-level 
food environment, and how they affect diet and obesity 
in Brazil, we have developed context specific food 
store and restaurant observational tools. The goal of 
this study was to assess inter-rater reliability, test-retest 
reliability, and construct validity of retail food store, 
open-air food market, and restaurant observation tools 
adapted to the Brazilian urban context.
METHODS
As part of the Obesogenic Environment Study in Sao 
Paulo, Brazil (ESAO-SP), we developed food store, 
open-air food market, and restaurant observation 
tools, building on existing instruments and making 
use of input from a panel of experts in food environ-
ment from Australia, Europe, and the United States. 
We adapted several measures from the Nutrition 
Environment Measures Survey in Stores (NEMS-S),15 
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the Environmental Profile of a Community’s Health 
(EPOCH),6 Nutrition Environment Measures Survey in 
Restaurants (NEMS-R),29 and the in-store measurement 
tool developed by Ball et al.2 However, we have decided 
to emphasize fruits and vegetables and ultra-processed 
foods such as snacks and sugar-sweetened bever-
ages to shorten our instruments when compared 
with tools previously available that included a larger 
variety of foods such as frozen meals and breads.15 
Sugar-sweetened beverages and other ultra-processed 
foods are known as important contributors to energy 
intake in Brazil,9 and have been associated with 
obesity.5 Fruit and vegetable measures have become a 
major focus for intervention and policy,7 and surveil-
lance data indicate that Brazilians do not meet the 
recommended levels of fruit and vegetable consump-
tion.30 Also, we modified the fruit and vegetable 
section of previous instruments to include the 10 most 
frequently purchased fruits and vegetables in Sao 
Paulo Metropolitan Region, according to the Brazilian 
Household Budget Survey 2008/2009.a
The initial draft of ESAO Restaurant Observation Tool 
(ESAO-R) and ESAO Food Store Observation Tool 
(ESAO-S) were tested in two low-income and two 
high-income neighborhoods located in the city of Sao 
Paulo, Southeastern Brazil, in July 2010. The tools were 
modified based on the pre-testing’s results. A training 
protocol was developed before the reliability test.
The ESAO-R included availability and pricing of 
healthy (fruits and salads) and unhealthy foods 
(sugar-sweetened beverages and fries); facilitators 
and barriers for healthy eating at restaurants, such 
as combos; availability of nutrition information 
near the point of purchase or on the menu; and pres-
ence of indoor food marketing (signs, table tents, or 
other displays that highlight healthy options and/or 
energy-dense foods (cookies, sugar-sweetened bever-
ages, fries, burgers) on the menu.b
The ESAO-S included aspects of food availability, 
variety, quality, pricing, signage, and promotion.b We 
assessed the 10 most frequently purchased fruits and 
vegetables in Sao Paulo Metropolitan Region, and the 
three most frequently consumed ultra-processed foods 
by Brazilians: sugar-sweetened beverages, chocolate 
sandwich cookies, and corn chips.1
The quality and cost of fresh produce were assessed 
for the four most frequently purchased fruits and 
vegetables in Sao Paulo Metropolitan Region.1 We 
measured the cheapest variety found of a given fruit or 
a Instituto Brasileiro de Geografia e Estatística. Pesquisa de Orçamentos Familiares 2008-2009: despesas, rendimentos e condições de vida. Brasília (DF); 
2010 [cited 2015 Apr 18]. Available from: http://www.ibge.gov.br/home/estatistica/populacao/condicaodevida/pof/2008_2009/POFpublicacao.pdf 
b ESAO Restaurants Observation Tool (ESAO-R) and ESAO Food Store Observation Tool (ESAO-S) and manuals can be requested from the first 
author by e-mail. 
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vegetable. Fresh produce quality was rated as unaccept-
able if more than 75.0% of the available produce was 
bruised, old looking, overripe, or spotted; otherwise it 
was rated as acceptable. Cost was based on the posted 
prices per kilogram. When only price per unit was 
available, we weighed three random units, averaged 
their values, and calculated the price per kilogram. 
Variety was measured as the number of different types 
of fruits and vegetables within each kind, e.g., Green 
apple, Gala apple. We measured the variety for selected 
ultra-processed foods by the number of different brands 
available for purchase. The variety of soda and other 
sugar-sweetened beverages were measured by the 
number of different brands and flavors, e.g., Orange 
Fanta, Grape Fanta, Coke.
Promotion was measured by counting different signs 
or advertisements that promoted the purchase of fruits 
and vegetables or ultra-processed foods, such as signs 
with nutrition information, signs or other displays that 
encourage the purchase or the eating of such products, 
and discounts.
Data were collected between November 2010 and 
February 2011 in 52 census tracts located in 13 districts 
of the city of Sao Paulo, which were able to represent 
different possible combinations of neighborhood food 
environment (high and low density) and socioeconomic 
status (high- and low-income).
Raters (undergraduate and graduate students) assessed 
all food stores, open-air food markets, and restaurants 
within the sampled tracts. Their training consisted of 
four sections of two-hour instruction, followed by 
two to three-hour of practice. ESAO’s application 
manuals are available from the corresponding author 
upon request.
Ratings in restaurants were completed between 9:00 am 
and 11:30 am or 2:00 pm and 3:30 pm; in retail food 
stores between 9:00 am and 5:00 pm; and between 9:00 
am and 11:00 am in open-air food markets (known as 
feiras-livres in Sao Paulo) in order to maintain consis-
tency relative to stocking. Considering open-air food 
markets usually hold more than one food stall for a 
given fruit or vegetable, raters were trained to evaluate 
availability, variety, pricing, and quality of selected 
fruits and vegetables in the first stall they found when 
entering the market. After rating all items, raters left 
the market and entered it from the other end to repeat 
ratings. An average measure of ratings was consid-
ered in the analysis. ESAO-S was adapted to be used 
at open-air food markets in order to account for the 
repeated rating at these markets.
Restaurants were systematically classified into the 
following categories adapted from Saelens et al29 to the 
Brazilian context 1) full-service à la carte restaurants, 
2) all-you-can-eat buffet restaurants, 3) per kilogram 
buffet restaurants (where foods are sold by weight), 
4) chain fast food restaurants, 5) locally-owned fast 
food restaurants, 6) bars and establishments where 
alcohol was sold in large quantities, 7) bakeries, 8) 
coffee shops, and 9) ice cream shops.
Retail food stores and markets were systematically 
classified into the following categories, adapted from 
Glanz et al15 to the Brazilian context 1) convenience 
stores, 2) public-owned specialized fruit and vege-
table markets or stores, 3) privately-owned special-
ized fruit and vegetable markets or stores, 4) open-air 
food markets, 5) locally-owned grocery stores or corner 
stores, 6) chain grocery stores, 7) chain supermarkets, 
and 8) delis.
Inter-rater reliability was assessed to show consistency 
among ratings by multiple coders.16 Two groups of 
trained raters independently visited a random sample 
of stores, which consisted of 30.0% of all available 
retail food stores in selected census tracts to complete 
the same set of assessments within two months. The 
ratings were carried out within an average of 42.6 days 
(standard deviation [SD] = 18.2 days). A random sample 
of 15.0% of all available stores was reassessed by the 
same raters within 45 days of the initial observation 
to evaluate test-retest reliability. The test-retest reli-
ability is used to assess the consistency of a measure 
from one time to another. The time range between retest 
visits was from 7 to 45 days with a mean of 34.8 days 
(SD = 21.1 days).
Kappa statistics were used to evaluate the agreement 
of each one of the items on our tools based on the 
following scale: 0.81-1.00, almost perfect; 0.61-0.80, 
substantial; 0.41-0.60, moderate; 0.21-0.40, fair; 
0-0.20, slightly poor; < 0, poor.20 For items with low 
frequencies, we used percent agreement for a more 
accurate reflection of reliability. Intraclass correla-
tion coefficients were used to test both inter-rater and 
test-retest reliabilities of continuous variables, such as 
food price and variety. We considered excellent the ones 
above 0.75 and poor the ones below 0.40.1
Construct validity was assessed using the known-groups 
comparison method of discriminant validity,17 which 
tests whether concepts or measurements that are 
supposed to be unrelated are, in fact, unrelated.17 
The tools’ component values were compared across 
groups of food establishments with known differ-
ences regarding the foods they carry. We expected the 
tools’ component values to differ significantly if they 
were valid. Then, we compared the value of the tools’ 
components according to store types and different 
income contexts. Retail food stores, large chain super-
markets and grocery stores, open-air food markets, 
and specialty fruit and vegetable stores were part of 
the “healthy” group; while locally-owned grocery 
stores or corner stores were part of the “unhealthy” 
4 Evaluation of in-store measures in Brazil Duran AC et al
group. For restaurants, the “healthy” group consisted 
of full-service restaurants and per kilogram buffet 
restaurants, and the “unhealthy” group consisted of 
fast food restaurants.
Finally, we hypothesized that more healthy foods would 
be found in higher-income neighborhoods. We thus 
compared the tools’ component values across tertiles of 
neighborhoods median household income. Such infor-
mation was gathered from the Brazilian 2010 Census 
data.c Census tracts were used as neighborhoods.
We used Chi-square or Fisher exact tests for dichotomous 
(yes/no) variables and t-test, ANOVA, Mann-Whitney, 
or Kruskal-Wallis for continuous variables, depending 
on the variable distribution (parametric or nonpara-
metric). Data analyses were completed in 2013 using 
Stata 12.1. The Ethics Research Committee of the 
Faculdade de Saúde Pública of the Universidade de 
São Paulo determined that the present data collection 
did not constitute research with human subjects, thus 
being exempt from review.
RESULTS
We identified 474 restaurants and 316 retail food stores 
and markets (including open-air fruit and vegetable 
markets) in the selected census tracts located across 
the city Figure shows all the assessed restaurants, retail 
food stores, and open-air food markets according to 
neighborhood income level. Store owners or managers 
did not allow us to assess one supermarket, two corner 
stores, and two large chain fast food restaurants, 
resulting in a final sample of 472 restaurants, 305 retail 
food stores, and eight open-air food markets. Of those, 
142 restaurants, 95 retail food stores, and 2 open-air 
food markets were randomly chosen and assessed twice 
by different raters to calculate inter-rater reliability. 
Test-retest reliability was determined in a random 
sample of 62 restaurants, 43 retail food stores, and 2 
open-air food markets.
Mean rating time for retail food stores was 11.4 min 
(SD = 8.5), ranging from 1 to 50 min. For open-air food 
markets, mean rating time was 36.9 min (SD = 6.5), 
ranging from 28 to 45 min. For restaurants, mean rating 
time was 5.2 min (SD = 3.2), and ranged from 1 to 30 min.
Table 1 summarizes the values of inter-rater and 
test-retest reliability for restaurants. Kappa values for 
fruit and vegetable availability were generally high for 
both inter-rater and test-retest reliability (≥ 0.75), but 
lower (< 0.60) for items that indicated special requests 
and overeating encouragement. Some of these latter 
components also had low test-retest Kappa values, 
despite most of them being greater than 0.61.
Table 2 shows inter-rater and test-retest reliability find-
ings for measurement tool items collected at open-air 
food markets and retail food stores. Kappa statistics 
for inter-rater reliability ranged from 0.66 to 0.95. 
Test-retest reliability was likewise high, with kappa 
statistics ranging from 0.61 to 1.00. Kappa statistics 
for the promotion of fruits and vegetables and ultra-
processed foods were either low or could not be esti-
mated because of limited observations.
We computed infraclass correlation coefficients for 
quantitative components, such as food price and variety. 
Results regarding varieties of fruit and vegetables and 
ultra-processed foods were all significant, equal to or 
above 0.75. The price measures for restaurants and retail 
food stores presented excellent reliability (intraclass 
correlation coefficient > 0.80).
Tables 3 and 4 show results for construct validity. 
Our measures were able to discriminate between 
store types and neighborhoods of different median 
incomes. Full-service restaurants were more likely 
to have a salad bar, salads on the menu, and fresh 
fruits and juices, validating the tool. We found nutri-
tion information in only five (3.5%) fast food stores. 
None of the full-service restaurants had nutrition 
information available for costumers. Differences 
across neighborhoods were not as clear, albeit we 
were able to show a trend for a few components that 
favored high-income neighborhoods. For instance, 
restaurants located in high-income neighborhoods 
were more likely to have salads and fruits on the 
menu (Table 3).
Supermarkets, large chain grocery stores, open-air 
food markets and specialty fruit and vegetable stores, 
when compared with locally-owned grocery stores 
and corner stores, had significantly higher availability 
and variety of fresh produce, but lower availability 
of ultra-processed foods (i.e., soda and corn chips). 
Signage or promotion of ultra-processed foods was 
uniformly found across stores, while fruit and vege-
table promotion was 13 times less likely to be found 
at locally-owned grocery stores and corner stores. 
When the tool components were compared according 
to neighborhood median household income (consid-
ering the neighborhood where the store was located), 
we only found similarities regarding fresh produce. 
However, lower and middle-income neighborhoods 
had a greater availability of soda, fruit-flavored drink 
mixes, and chips, but lacked sugar-sweetened nectars 
or juices, which were more likely to be found in higher 
income neighborhoods (Table 4).
Soda and sugar-sweetened nectars or juices were more 
expensive at locally-owned grocery stores and corner 
c Instituto Brasileiro de Geografia e Estatística. Censo 2010. Brasília (DF); 2011 [cited 2015 Apr 18]. Available from: http://www.ibge.gov.br/
home/estatistica/populacao/censo2010/default_resultados_universo.shtm
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stores. Fruit-flavored drink mixes prices, on the other 
hand, did not vary across neighborhoods and had the 
lowest mean prices among all the assessed foods. 
While fruit and vegetable mean prices were similar 
across neighborhoods, most of the assessed processed 
foods were cheaper in lower and middle-income 
neighborhoods – leading to higher relative prices of 
fruits and vegetables in lower and middle-income 
neighborhoods when compared with more affluent 
neighborhoods in the city (Table 4). We did not find 
any differences in fresh produce quality across store 
types or neighborhoods.
Table 1. Reliability for ESAO Restaurants Observation Tool measures. Sao Paulo, Southeastern Brazil, 2011.
Item content
Inter-rater reliability 
(n = 142)
Test-retest reliability 
(n = 62)
n % agreement Kappa n % agreement Kappa
Salad availability on the menu 142 82.4 0.648 62 79 0.572
Salad bar availability 142 94.4 0.776 62 93.5 0.806
Fresh fruits availability 142 91.5 0.763 62 88.7 0.669
Freshly squeezed juices availaibility 142 90.8 0.790 62 86.1 0.760
Fruits and vegetable signage/promotion 142 93.7 * 62 93.5 *
Ultra-processed foods signage 142 73.9 * 62 79.0 0.530
All-you-can-eat buffet only 142 95.8 * 62 88.7 *
Nutrition facts availability 142 99.3 0.663 62 98.4 *
Substitute fries for salad 31 78.8 * 62 62.9 0.342
Encourages smaller servings 61 75.4 0.483 29 72.6 0.455
Fruits are cheaper than or the same price as sugar-rich desserts 19 63.5 * 7 85.7 0.730
Freshly squeezed juices are cheaper than or the same price as soda 89 75.2 0.490 41 80.5 0.630
Cheaper combos 45 63.4 * 21 80.7 0.572
* Statistics could not be computed because cross tabulation had two or fewer levels.
Open-air food markets
Restaurants (all types)
Supermarkets/Grocery stores/Corner stores 
Studied districts
Household income (mean) (R$)
1,344-1,971
1,972-2,662
6,047-13,328
N
0 1.25
Source: IBGE, 2011; ESAO-SP - FSP/USP, 2011
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Figure. Assessed restaurants, retail food stores, and open-air food markets according to neighborhood income level. Estudo do 
Ambiente Obesogênico em São Paulo (ESAO-SP), 2011.
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DISCUSSION
The tools presented here (ESAO-R and ESAO-S) 
were reliable and, despite including fewer items 
than previous published tools, they were able to 
discriminate across store types and neighborhoods of 
different median incomes. In comparison with similar 
instruments that had previously produced good to high 
reliability scores,15,18,27-29 we obtained similar scores, 
which suggests limited changes in the measures 
over several weeks. Our tools can reliably assess the 
availability, variety, pricing, quality, and promotion of 
foods within retail food stores, as well as the facilita-
tors and barriers to healthy eating in restaurants in a 
large urban area of Brazil.
Significant differences in food environment vari-
ables across retail food stores and restaurants showed 
the utility of our tools, as well as in neighborhoods 
across the income spectrum, which can be interpreted 
as support for the tools’ construct validity. Observers 
presented high levels of agreement on most items.
The unique contribution of this study was, therefore, 
to present reliable measures with sound construct 
validity, which included items widely used in the 
literature to assess micro-level food environments 
adapted to the Brazilian context. These tools were 
more time and cost-saving than the ones previously 
reported, considering we were able to reduce the 
number of questions – still being able to discriminate 
Table 2. Reliability of ESAO Food Store Observation Tool measures. Sao Paulo, Southeastern Brazil, 2011.
Inter-rater reliability
(n = 97)
Test-retest reliability
(n = 45)
% agreement Kappa % agreement Kappa
Availability of any fresh fruit or vegetable 97.9 0.956 100.0 1.000
Fresh fruits and vegetable located near the entrance of the store 94.8 0.863 97.8 0.933
Availability of fresh produce
Orange 97.9 0.951 100.0 1.000
Banana 99.0 0.956 97.8 0.945
Papaya 93.8 0.846 97.8 0.942
Apple 95.8 0.901 93.3 0.825
Tomato 94.8 0.878 97.8 0.949
Onion 99.0 0.978 97.8 0.949
Carrot 93.8 0.850 97.8 0.945
Lettuce 92.8 0.823 93.3 0.814
Quality of fresh produce
Orange 96.1 0.809 91.1 0.788
Banana 98.8 0.943 93.3 0.838
Papaya 97.3 0.858 88.9 0.722
Apple 98.4 0.921 93.3 0.827
Tomato 94.9 0.756 88.9 0.759
Onion 96.5 0.855 91.1 0.949
Carrot 96.9 0.843 95.6 0.891
Lettuce 96.9 0.839 88.9 0.701
Availability of ultra-processed foods
Any type of soda 95.8 0.693 100.0 1.000
Any type of sugar free soda 90.7 0.687 93.3 0.825
Sugary processed juice/nectar 89.7 0.791 86.7 0.709
Fruit-flavored drink mix 90.7 0.800 86.7 0.614
Chocolate sandwich cookies 86.6 0.583 86.7 0.715
Corn chips 92.8 0.784 84.4 0.642
Signage/Promotion
Fruits and vegetable signage/promotion 92.8 0.549 93.3 0.536
Ultra-processed foods signage 69.1 * 88.9 *
* Statistics could not be computed because cross tabulation had two or fewer levels.
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across different contexts. In addition, we were able to 
include more relevant foods to the local epidemiolog-
ical context.23 Based on a tool used to collect in-stores 
measures to evaluate the environmental determinants 
of cardiovascular diseases in five different countries,6 
we decided to include in our tool measures of in-store 
signage and promotion.
However, food signage and promotion had either 
low reliability or the Kappa coefficients could not 
be estimated because of the limited availability of 
signage in stores, which was also true for items that 
evaluated facilitators of healthier choices. These find-
ings indicate the difficulties that consumers face in 
selecting healthy foods in restaurants in Sao Paulo. 
For instance, only five fast-food restaurants and no 
buffet style or full-service restaurants had readily 
available nutrition information, which is even lower 
than what had been previously reported in the United 
States.29 The implementation of recent measures to 
increase the availability of nutrition information in 
other cities10,26 may influence local policy making 
to improve nutrition information availability in Sao 
Paulo. Future changes in the Brazilian food environ-
ment deserve further analysis and ESAO tools could 
contribute with that.
Previous findings regarding in-store measures in Brazil 
are restricted to retail food stores.22 However, eating out 
in Brazil already accounts for 17.0% and 29.0% of all 
calories consumed by low and high-income Brazilians, 
respectively.3 The more Brazilians increase their 
frequency of away-from-home eating, especially those 
living in large cities, the more exposed they will be to 
food environments that may encourage them to choose 
unhealthy foods. Few interventions in restaurants have 
found that increasing the number of healthier choices21 
and providing nutrition information10 help shift purchase 
intentions away from unhealthier options.
Our findings for retail food stores agree with find-
ings from another Brazilian city,22 which indicate that 
more ultra-processed foods are found in lower-income 
neighborhoods. Fruits and vegetables, however, were 
found in four times as many supermarkets or fruit and 
vegetable markets than in locally-owned grocery stores 
or corner stores, which were also more likely to be 
found in low-income neighborhoods.11 Differences in 
in-store environments may affect food purchasing and 
health-related outcomes, and contribute to disparities 
in diet-related diseases.8 In fact, we found similar avail-
ability, quality and price of fruits and vegetables across 
the city. Nonetheless, ultra-processed foods were more 
Table 3. ESAO Restaurants Observation Tool measures per store type and neighborhood income.a Sao Paulo, Southeastern 
Brazil, 2011.
Item content
Store type Neigborhood household median income
Full-service 
restaurants 
(n = 114)
Fast-food 
restaurants 
(n = 143)
Low-income 
neighborhoods 
(n = 181)
Middle-income 
neighborhoods 
(n = 210)
High-income 
neighborhoods 
(n = 81)
% % % % %
Salad availability on menu 89.5 44.1c 39.8 57.4 58.0d
Salad bar availability 51.8 4.2 c 16.0 14.3 19.8
Fresh fruit availability 44.7 11.2 c 13.3 15.7 28.4 e
Freshly squeezed fruit juices availability 75.4 56.6d 53.0 61.4 64.2
Fruit and vegetable signage/promotionᵻ 5.3 6.3 3.9 7.6 4.9
Ultra-processed foods signage/promotion 27.2 19.6 24.3 32.9 23.5
All-you-can-eat buffet onlyb 15.8 1.4 c 3.3 3.8 9.9
Nutrition facts availabilityb 0.0 3.5 0.0 1.0 3.7
Substitute fries for salad 22.8 19.6 59.6 48.7 53.6
Encourage smaller servings 46.9 32.2e 68.8 66.4 54.8
Fruits are cheaper than/or the same price as 
sugar-rich desserts
63.2 18.2 e 50.0 47.8 42.1
Freshly squeezed juices are cheaper than/or the 
same price as soda
45.3 42.0 48.4 39.2 28.8
Cheaper combos 32.7 32.2 59.6 66.7 52.4
a For comparison purposes, analysis included only full-service and fast-food restaurants assessed. Other types of restaurant-like 
stores, such as bars, were excluded.
b Fisher nonparametric test performed due to insufficient count.
c p < 0.001.
d p < 0.01.
e p < 0.05.
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likely to be found in lower-income neighborhoods, and 
most of the products assessed were cheaper in the most 
deprived areas of the city.
Sugar-sweetened beverages were cheaper in lower-income 
neighborhoods, except for sugary processed juices. It is 
possible that high-income individuals may be choosing 
more expensive sugar-sweetened beverages, such as 
processed juices and nectars, rather than soda and cheaper 
fruit-flavored drinks. Social marketing aimed at informing 
consumers of the problems associated with all types of 
sugar-sweetened beverages – and not only soda – could 
be considered by local governments.
The limitations of this study include the restriction 
to 13 districts within a single metropolitan region in 
Brazil. Though the present data should not be consid-
ered representative of the city or the country, the selected 
Table 4. ESAO Food Store Observation Tool measures per store type and neighborhood income.a Sao Paulo, Southeastern Brazil, 2011.
Item content
Store type Neighborhood household median income
Supermarkets, 
large chain 
grocery stores, 
open-air food 
markets and FV 
specialized stores 
or markets (n = 24)
Locally-owned 
grocery 
stores or 
corner stores 
(n = 253)
Low-income 
neighborhoods 
(n = 101)
Middle-income 
neighborhoods 
(n = 106)
High-income 
neighborhoods 
(n = 106)
Fresh produce availability (%) 100.0 22.5c 19.5 31.7 25.0
Orange 100.0 15.4 c 16.3 22.5 22.9
Banana 91.7 17.4 c 17.1 23.9 22.9
Papaya 95.8 13.4 c 13.8 20.4 22.9
Apple 95.8 13.4 c 13.0 22.5 18.8
Tomato 91.7 17.8 c 17.1 25.4 15.3
Onions 91.7 20.6 c 19.5 26.8 25.0
Carrot 95.8 15.8 c 16.3 23.2 20.8
Lettuce 87.5 13.8 c 16.3 19.0 18.8
Fresh fruits and vegetable located 
near the entrance of the store (%)
79.2 75.4 75.0 82.2 58.3
Fresh produce variety (number) - Mean (SD)
Fruits 17.4 (6.2) 1.8 (4.6) c 2.0 (5.1) 3.3 (6.4) 3.5 (7.5)
Vegetables 16.8 (4.6) 11.8 (4.7) c 13.5 (4.9) 13.0 (4.8) 18.1 (5.4)
Availability of ultra-processed foods
Soda 62.5 82.2e 82.9 83.1 64.6e
Sugar-free soda 62.5 62.8 63.9 58.8 70.2
Sugar-sweetened nectar/juice 25.0 66.4 c 27.6 30.3 47.9e
Fruit-flavored drink mix 25.0 63.6 c 61.8 54.9 39.6e
Chocolate sandwich cookies 33.3 68.8d 71.5 59.9 60.4
Corn chips 45.8 82.2 c 88.6 70.4 68.8 d
Signage/promotion (%)
Fruit and vegetables signage/promotion 62.5 4.7 c 4.1 12.0 10.4
Uprocessed foods signage 25.0 24.1 20.5 25.7 34.0
Food prices (R$)b - Mean (SD)
Fruits (kg) 2.57 (2.34) 2.34 (0.65) 2.14 (0.57) 2.52 (2.22) 2.71 (0.46)
Vegetables (kg) 2.79 (1.15) 2.10 (0.80)e 1.96 (0.55) 2.61 (1.21) 2.53 (0.88)
Soda (350 ml) 1.27 (0.41) 1.89 (0.47) c 1.84 (0.51) 1.94 (0.46) 2.20 (0.64)e
Sugar free soda (350 ml) 1.38 (0.37) 2.06 (0.37) c 2.04 (0.35) 2.03 (0.46) 2.31 (0.59)e
Fruit-flavored drink mix (1 unit) 0.52 (0.17) 0.68 (0.27) 0.70 (0.28) 0.65 (0.27) 0.85 (0.45)e 
Sugar-sweetened nectar/juice (1 L) 3.02 (0.78) 3.83 (1.02)d 3.78 (0.95) 3.88 (1.16) 4.23 (1.48)
Chocolate sandwich cookies (180 g) 0.99 (0.21) 1.35 (0.58)e 1.34 (0.60) 1.35 (0.60) 1.65 (0.71)e 
Corn chips (30 g) 1.30 (0.29) 1.12 (0.04) 1.06 (0.05) 1.18 (0.06) 1.75 (0.14) c
a For comparison purposes, analysis included only supermarkets/fruits and vegetables specialized stores and locally owned 
grocery stores/corners stores. Other types of retail food stores, such as conveniences stores, were excluded.
b As of Jan 2011, R$1.70 = US$1.00.
c p < 0.001.
d p < 0.01.
e p < 0.05.
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neighborhoods provided a representative variation of the 
city’s socioeconomic status. The median monthly house-
hold income in each census tract varied from R$1,020 
to R$9,500.d Sampled census tracts sizes were similar 
to the city mean number of residents per census tracts.b
Applying our measures at other locations would allow 
for their generalizability of the measures, however 
new assessments of the psychometric properties of 
these tools are encouraged if they are adapted to local 
needs. A limitation of all in-store environment studies 
is the cost of personnel time, nonetheless, we included 
fewer items in our instrument compared with previous 
tools15,29 and yet they discriminated across store types 
and neighborhoods in similar ways.
1. Andresen EM, Catlin TK, Wyrwich KW, Jackson-
Thompson J. Retest reliability of surveillance 
questions on health related quality of life. J 
Epidemiol Community Health. 2003;57(5):339-43. 
DOI:10.1136/jech.57.5.339
2. Ball K, Timperio A, Crawford D. Neighbourhood 
socioeconomic inequalities in food access and 
affordability. Health Place. 2009;15(2):578-85. 
DOI:10.1016/j.healthplace.2008.09.010
3. Bezerra IN, Souza AM, Pereira RA, Sichieri 
R. Contribution of foods consumed away 
from home to energy intake in Brazilian 
urban areas: the 2008-9 Nationwide Dietary 
Survey. Br J Nutr. 2013;109(7):1276-83. 
DOI:10.1017/S0007114512003169
4. Boone-Heinonen J, Diez-Roux AV, Goff DC, Loria CM, 
Kiefe CI, Popkin BM, et al. The neighborhood energy 
balance equation: does neighborhood food retail 
environment + physical activity environment = obesity? 
The CARDIA study. PLoS One. 2013;8(12):e85141. 
DOI:10.1371/journal.pone.0085141
5. Canella DS, Levy RB, Martins AP, Claro RM, 
Moubarac JC, Baraldi LG, et al. Ultra-processed 
food products and obesity in Brazilian households 
(2008-2009). PLoS One. 2014;9(3):e92752. 
DOI:10.1371/journal.pone.0092752. eCollection 2014
6. Chow CK, Lock K, Madhavan M, Corsi DJ, Gilmore 
AB, Subramanian SV, et al. Environmental Profile of 
a Community’s Health (EPOCH): an instrument to 
measure environmental determinants of cardiovascular 
health in five countries. PLoS One. 2010;5(12):e14294. 
DOI:10.1371/journal.pone.0014294
7. Claro RM, Monteiro CA. Family income, food prices, 
and household purchases of fruits and vegetables 
in Brazil. Rev Saude Publica. 2010;44(6):1014-20. 
DOI:10.1590/S0034-89102010000600005
8. Diez-Roux AV, Merkin SS, Arnett D, Chambless 
L, Massing M, Nieto FJ, et al. Neighborhood 
of residence and incidence of coronary heart 
disease. N Engl J Med. 2001:345(2):99-106. 
DOI:10.1056/NEJM200107123450205
9. Duffey KJ, Pereira RA, Popkin BM. Prevalence and 
energy intake from snacking in Brazil: analysis of the 
first nationwide individual survey. Eur J Clin Nutr. 
2013;67(8):868-74. DOI:10.1038/ejcn.2013.60
10. Dumanovsky T, Huang CY, Nonas CA, Matte TD, Bassett 
MT, Silver LD. Changes in energy content of lunchtime 
purchases from fast food restaurants after introduction of 
calorie labelling: cross sectional customer surveys. BMJ. 
2011;343:d4464. DOI:10.1136/bmj.d4464
11. Duran AC, Diez-Roux AV, Latorre MRDO, Jaime PC. 
Neighborhood socioeconomic characteristics and 
differences in the availability of healthy food stores 
and restaurants in Sao Paulo, Brazil. Health Place. 
2013;23:39-47. DOI:10.1016/j.healthplace.2013.05.001
12. Franco M, Diez-Roux AV, Nettleton JA, Lazo M, 
Brancati F, Caballero B, et al. Availability of healthy 
foods and dietary patterns: the Multi-Ethnic Study of 
Atherosclerosis. Am J Clin Nutr. 2009;89(3):897-904. 
DOI:10.3945/ajcn.2008.26434
13. Gartin M. Food deserts and nutritional risk in Paraguay. Am J 
Hum Biol. 2012;24(3):296-301. DOI:10.1002/ajhb.22270
14. Glanz K, Sallis JF, Saelens BE, Frank LD. Healthy 
nutrition environments: concepts and measures. 
Am J Health Promot. 2005;19(5):330-3, ii. 
DOI:10.4278/0890-1171-19.5.330
15. Glanz K, Sallis JF, Saelens BE, Frank LD. Nutrition 
Environment Measures Survey in Stores (NEMS-S): 
development and evaluation. Am J Prev Med. 
2007;32(4):282-9. DOI:10.1016/j.amepre.2006.12.019
16. Hallgren KA. Computing Inter-Rater Reliability for 
Observational Data: an overview and tutorial. Tutor 
Quant Methods Psychol. 2012;8(1):23-34.
17. Hattie J, Cookey RW. Procedures for assessing 
the validities of tests using the “Known-Groups 
Method”. Appl Psychol Measur. 1984;8(3):295-305. 
DOI:10.1177/014662168400800306
REFERENCES
d Considering Jan 2011, R$1.70 = US$1.00.
Given the important public health task to fight 
increasing rates of obesity in Brazil,25 and the difficulty 
in maintaining a healthy weight in unsupportive envi-
ronments,4 high-quality and context specific micro-level 
food environment observation tools are required. The 
measures of the food environment presented here are 
feasible, reliable, and discriminated across store types 
and neighborhoods of different incomes. They are appli-
cable in a variety of similar urban settings to test asso-
ciations of urban food environments and food intake, 
when studying social determinants of health, in inter-
vention studies, and in evaluations of changing urban 
food environments. Our tools also provide a method 
for future evaluative research of environmental policy 
interventions in low and middle-income countries.
10 Evaluation of in-store measures in Brazil Duran AC et al
18. Izumi BT, Zenk SN, Schulz AJ, Mentz GB, Sand 
SL, Majo RF, et al. Inter-rater reliability of the food 
environment audit for diverse neighborhoods 
(FEAD-N). J Urban Health. 2012;89(3):486-99. 
DOI:10.1007/s11524-011-9657-3
19. Jaime PC, Duran AC, Sarti FM, Lock K. Investigating 
environmental determinants of diet, physical 
activity, and overweight among adults in Sao 
Paulo, Brazil. J Urban Health. 2011;88(3):567-81. 
DOI:10.1007/s11524-010-9537-2
20. Landis JR, Koch GG. The measurement of observer 
agreement for categorical data. Biometrics. 
1977;33(1):159-74.
21. Lee-Kwan SH, Goedkoop S, Yong R, Batorsky 
B, Hoffman V, Jeffries J, et al. Development 
and implementation of the Baltimore healthy 
carry-outs feasibility trial: process evaluation 
results. BMC Public Health. 2013;13:638. 
DOI:10.1186/1471-2458-13-638
22. Leite FHM, Oliveira MA, Cremm EC, Abreu DSC, 
Maron LR, Martins PA. Availability of processed 
foods in the perimeter of public schools in urban 
areas. J Pediatr (Rio J). 2012;88(4):328-34. 
DOI:10.2223/JPED.2210
23. Martins APB, Levy RB, Claro RM, Moubarac 
JC, Monteiro CA. Increased contribution of 
ultra-processed food products in the Brazilian diet 
(1987-2009). Rev Saude Publica. 2013;47(4):656-65. 
DOI:10.1590/S0034-8910.2013047004968
24. Moore LV, Diez-Roux AV, Nettleton JA, Jacobs DR, 
Franco M. Fast-food consumption, diet quality, 
and neighborhood exposure to fast food: the 
multi-ethnic study of atherosclerosis. Am J Epidemiol. 
2009;170(1):29-36. DOI:10.1093/aje/kwp090
25. Moura EC, Claro RM. Estimates of obesity trends in Brazil, 
2006-2009. Int J Public Health. 2012;57(1):127-33. 
DOI:10.1007/s00038-011-0262-8
26. Namba A, Auchincloss A, Leonberg BL, Wootan MG. 
Exploratory analysis of fast-food chain restaurant 
menus before and after implementation of local 
calorie-labeling policies, 2005-2011. Prev Chronic Dis. 
2013;10:E101. DOI:10.5888/pcd10.120224
27. Rimkus L, Powell LM, Zenk SN, Han E, 
Ohri-Vachaspati P, Pugach O, et al. Development 
and reliability testing of a food store observation 
form. J Nutr Educ Behav. 2013;45(6):540-8. 
DOI:10.1016/j.jneb.2013.02.005
28. Rimkus L, Ohri-Vachaspati P, Powell LM, Zenk SN, 
Quinn CM, Barker DC, et al. Development and 
reliability testing of a fast-food restaurant observation 
form. Am J Health Promot. 2015;30(1):9-18. 
DOI:10.4278/ajhp.130731-QUAN-389
29. Saelens BE, Glanz K, Sallis JF, Frank LD. Nutrition 
Environment Measures Study in Restaurants (NEMS-R): 
development and evaluation. Am J Prev Med. 
2007;32(4):273-81. DOI:10.1016/j.amepre.2006.12.022
30. Souza AM, Pereira RA, Yokoo EM, Levy RB, 
Sichieri R. Most consumed foods in Brazil: 
National Dietary Survey 2008-2009. Rev 
Saude Publica. 2013;47 Suppl 1:190s-9s. 
DOI:10.1590/S0034-89102013000700005
Research supported by the Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP – Process 2009-02279-7).
Based on the doctoral thesis of Ana Clara F L Duran, titled: “Ambiente alimentar urbano em São Paulo, Brasil: avaliação, 
desigualdades e associação com o consumo alimentar”, presented to the Faculdade de Saúde Pública of the Universidade 
de São Paulo, in 2013.
The authors declare no conflict of interest.
